Carbonic anhydrase 9 (CA9) expression in tumor cells enhances sensitivity to tirapazamine.
Carbonic anhydrase 9 (CA9) is over-expressed in many human solid tumors under conditions of low oxygen concentration and can be associated with a low probability of survival. In this study, stable CA9-expressing cell lines were established using the CA9 gene-defective human C33a cell line and the HeLa cell line to investigate the role of CA9 in response to ionizing radiation and hypoxia-selective cytotoxin, Tirapazamine (TPZ). Human CA9 cDNA or an empty vector was transfected into the C33a and HeLa cell lines and C33a-vector, C33a-CA9, HeLa-vector, and HeLa-CA9 cell lines were produced accordingly. Sensitivity of the C33a-vector/C33a-CA9 cells to ionizing radiation and TPZ was measured using clonogenic assays. The alkaline comet assay was used to measure single strand DNA breaks caused by TPZ in the C33a-vector, C33a-CA9, HeLa-vector, and HeLa-CA9 cell lines. Radiation sensitivity, as determined with clonogenic survival assays, of C33a-vector/C33a-CA9 cells did not differ under either normoxic or hypoxic conditions. However, increased clonogenic sensitivity to TPZ was observed in C33a-CA9 cells under the hypoxic condition by 26% (95% CI 14-39%, P = 0.02 in comparison to the C33a-vector cells). The comet assay showed significantly greater DNA damage in the C33a-CA9 cells compared with that of the C33a-vector cells with the same treatment under hypoxic conditions, supporting the results of the clonogenic survival data. Because this difference in the amount of DNA damage was not observed for the hypoxic HeLa-CA9/HeLa-vector cell lines, both of which have induced CA9 expression by hypoxia, the enhanced sensitivity of C33a-CA9 cells to TPZ is considered to be due to the specific condition of CA9 over-expression. Our results suggest the possibility that CA9 over-expression in tumors might be exploited to increase the treatment effects of TPZ.